Abstract. Given a probability space (Ω, A, P ) and a subset X of a normed space we consider functions f : X ×
These iterates were defined independently in [4] and [5] and then studied also in [10] , [2] in the scalar case and in [7] in the vector case. They are useful for instance in solving functional-integral equations (see, e.g., [3] , [6] ). In [7] some conditions are established which guarantee the convergence (a.s. and in L 1 ) of (f n (x, ·)) with respect to the product measure. For a real function f of the form
where α is a positive number, G is a bounded function and Φ ∈ [0, 1], we have very useful theorems of W. J. Thron [12] which say how fast the sequence of iterates converges to zero, the unique fixed point, depending on whether Φ ∈ (0, 1), Φ = 0 or Φ = 1 (see also [11; §1.3] [9] (cf. also [13] , [14] ). The present paper is intended as an attempt to get results on the speed of convergence of iterates of a random-valued vector function f :
in the case where X is a subset of a separable normed space. Let f : X × Ω → X be a random-valued function on (Ω, A, P ). Then f n : X × Ω ∞ → X is a random-valued function on the product probability space (Ω ∞ , A ∞ , P ∞ ). More exactly, the nth iterate f n is B⊗A n -measurable, where A n denotes the σ-algebra of all sets of the form
with A from the product σ-algebra A n . We start with the simplest case where f has the form
improving in particular Proposition 2 of [7] where the L 1 -boundedness of (f n (x, ·)) was additionally assumed. Proof. Clearly
Assume that the sequence (f n (x, ·)) is uniformly integrable. We shall show that
Suppose not and let A be a measurable set such that
On account of (2) for all m, n ∈ N we have
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This together with
contradicts the uniform integrability of (f n (x, ·)) and ends the proof of (3). From (2) and (3) 
Proposition 2] we have E|Φ| < 1 or |Φ| = 1 a.s. as desired.
According to (2) we have
and if E|Φ| < 1, then the sequence (f n (x, ·)) converges to 0 in L 1 ; in particular it is uniformly integrable. In the case where |Φ| = 1 a.s., the uniform integrability of (f n (x, ·)) is obvious.
Clearly, if Ω is an atom of P , then every sequence of integrable random variables is uniformly integrable. In view of Proposition 1 we may conclude that if Ω is not an atom of P , f has the form (1) and x ∈ X \ {0}, then (f n (x, ·)) converges in L 1 to zero if and only if E|Φ| < 1. Moreover, if −∞ < E log |Φ| < 0, then it also converges almost surely, which follows from
and from the Kolmogorov strong law of large numbers. Obviously, the speed of convergence of (2) depends on the real factor n k=1 Φ(ω k ) only. We shall show that the above fact holds in a more general setting, when the random-valued function has a more general form and instead of one function we "iterate" a sequence of random-valued functions ϕ n : X × Ω n → X, where Ω n is an arbitrary probability space. In this case by the nth iterate we understand the random-valued function
where Φ n : Ω n → (0, ∞) is a positive random variable, H n : X → R is Borel and G n : X × Ω n → X is a random-valued function for every n ∈ N. Clearly ϕ n and their iterates f n are random-valued functions. Following [2] we consider the following two conditions: (i) for every n ∈ N there exists a nonnegative random variable M n and positive constants α, β n such that
(ii) x * is a continuous linear functional such that
In what follows we denote by Ω ∞ the product ∞ n=1 Ω n equipped with the product measure. We start with the following result. 
This theorem will be proved together with the following one. 
Moreover , if additionally the sequence (log Φ n (ω n )) satisfies the Kolmogorov strong law of large numbers, then, for x ∈ X,
In particular , if the Φ n are identically distributed and E|log Φ 1 | < ∞, then
we have
Cosequently,
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To get the convergence of (5) to a positive and finite limit it is enough to show that the series
converges. To do this observe that by (i) and (ii) we have
whence according to (4) the series
converges. Consequently, for every x ∈ X and a.s. ω ∈ Ω ∞ the series (7) converges for every x * satisfying (ii). This ends the proof of Theorem 1 and of the first part of (6) .
Fix now x ∈ X. Then
Since the convergence of the series (8) implies a.s. convergence of the product on the right hand side, this inequality proves the second part of (6). The second assertion of Theorem 2 follows easily from (6) and from the equality
We now deduce a corollary concerning l 1 . We call an element of l 1 positive if it is nonzero and has all the coordinates nonnegative. 
